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1. Introduction

The purpose of the IWFM user’s manual is to serve as a guide for populating
input files, running IWFM and understanding the model results. This chapter briefly
describes IWFM and the development of the model. A summary of this manual is

included in this chapter to help guide the user when working with IWFM.

1.1. IWFM Description

IWFM is a Fortran code written using a mixture of Fortran 95 and Fortran 2003
languages. The model is comprised of a pre-processor, simulation component and post-
processors (Figure 1.1). IWFM must be run sequentially and the output generated from

one program must be transferred to the next before beginning a model run.

1.2.  Summary of IWFM User’s Manual

Chapter 1 Introduction

Chapter 2 Discusses general topics related to time-tracking simulation
option, preparation of time series input data and file
formats recognized by IWFM

Chapter 3 Descriptions of the pre-processor subroutines, input files
and output files presented in this chapter

Chapter 4 Details of the subroutines included in the simulation

program as well as input data files and output files
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generated

Chapter 5 Descriptions of the budget tables and the required input

needed to tabulate simulation results

Chapter 6 Step-by-step guide of how to run IWFM, which includes

running the pre-processor, simulation and budget portions

of the program

IWFM

Pre-processor

Simulation

[ T
Finite element mesh generation.
element characteristics, specification of
groundwater nodes, stream network, lake
characteristics and specification of well nodes

Groundwater simulation, and the simulation of
related hydrologic processes, such as stream-
groundwater interaction, stream flows,
lake-groundwater interaction, lake storage etc.

Budget

Z-Budget

Post-processors that tabulates
simulation output

Figure 1.1 IWFM program structure
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2. General Topics

2.1. Simulation Time Tracking

IWFM offers two simulation options, namely time tracking and non-time tracking
simulations. In a time tracking simulation, IWFM is aware of the actual dates and times
of the start and end of the simulation period. In a non-time tracking simulation, the start
of the simulation period is always tagged as time zero and the simulation time is

referenced simply by the number of time steps elapsed.

I. Time Tracking Simulation

During a time tracking simulation IWFM keeps track of the date and time of each
time step. In such simulations, each data entry in input time series data files is required
to have a date and time stamp which allows IWFM to retrieve time series data correctly.
This, in return, allows the user to maintain a single set of time series input data files for
applications where the starting and ending date and time of the simulation may change.
For example, during the calibration stage of a project, the simulation is run for two
periods: calibration period and the verification period. In a time tracking simulation, time
series input data files can be prepared so that the data covers both the calibration and
verification periods. Then the same time series data files can be used for both calibration
and verification runs without the need for modification. Since a time tracking simulation
keeps track of actual date and time of each of the simulation time steps, IWFM can
retrieve the correct data from the time series data files.

Time tracking simulations allow usage of HEC-DSS files as well as ASCII text



files for time series data input and output. HEC-DSS is a database format designed by
Hydrologic Engineering Center (HEC) of U.S. Army Corps of Engineers specifically for
time-series data encountered in hydrologic applications. These files allow efficient
storage and retrieval of hydrologic time series data, and HEC offers free utilities (HEC-
DSSVue and DSS Excel add-in) for manipulation, visualization and analysis of data
stored in DSS files. These utilities and instructions on how to use DSS files can be
downloaded from HEC web site at www.hec.usace.army.mil.

Another advantage of time tracking simulations is that results that are printed to
output files have date and time stamps associated with them. This allows easy
comparison of simulation results to observed values which generally come with the date
and time of observation.

It is anticipated that most IWFM applications will use the time tracking

simulation option.

ii. Non-time Tracking Simulation

In this simulation option, IWFM is not aware of the actual date and time for the
start and end of the simulation period. The start of the simulation period is always zero,
and the time during the simulation period is referred to by the elapsed time steps. For
instance, assuming length of simulation time step is a month, elapsed simulation time will
be referred as month 1, month 2, month 3, etc.

Since IWFM has no means to keep track of actual date and time in a non-time
tracking simulation, it is up to the user to arrange the time series input data for proper

data reading. For instance, in the calibration stage of a project where the simulation is



run for a calibration period and for a verification period, the user will have to maintain
two sets of time series input data files. One of these sets will be for the calibration period
where the first data corresponds to the first time step in the calibration period, and the
other set will be for the verification period where the first data corresponds to the first
time step in the verification period.

In non-time tracking simulations, the results will be printed to the output files for
each time step without a specific date and time. It is up to the user to convert absolute
time steps to actual dates and times to compare them to observed values which generally
come with the actual date and time of the observation. Furthermore, in such simulations
only the usage of ASCII text files are allowed and the DSS files cannot be used for input
or output of time series data.

It is anticipated that non-time tracking simulation option will be used mainly for

theoretical problems such as the validation of numerical methods used in IWFM.

2.1.1. Length of Simulation Time Step

I. Time Tracking Simulation

In order to be consistent with the standards of HEC-DSS database files, IWFM
restricts the length of simulation time step that can be used in an application. The

allowable time step lengths are listed in Table 2.1.

ii. Non-time Tracking Simulation
The length of the simulation time step can be any number that is greater than zero.

The user specifies a “tag” for the length of time step but IWFM does not recognize this



tag. For example, the length of the time step can be 0.25 and the tag can be “month”
IWFM uses the value 0.25 when the numerical methods require a value for At (see IWFM

Theoretical Documentation), but the “month” tag does not represent anything for IWFM;

Time Step Length IWFM Notation
1 minute 1MIN
2 minutes 2MIN
3 minutes 3MIN
4 minutes AMIN
5 minutes 5MIN
10 minutes 10MIN
15 minutes 15MIN
20 minutes 20MIN
30 minutes 30MIN
1 hour 1HOUR
2 hours 2HOUR
3 hours 3HOUR
4 hours 4HOUR
6 hours 6HOUR
8 hours 8HOUR
12 hours 12HOUR
1 day 1DAY
1 week 1IWEEK
1 month 1MON
1 year 1YEAR

Table 2.1 List of allowable time step lengths in time tracking simulations



it does not know that 0.25 month represents 7.75 days in March, and 7.5 days in April.

2.1.2. Time Stamp Format

In time tracking simulations, start and end date and time of simulation period as
well as the date and time of each data entry in time series data input files are required to
be specified by using a time stamp. The format of the time stamp is as follows:

MM/DD/YYYY_hh:mm

where
MM = two digit month index;
DD =  two digit day index;
YYYY = fourdigit year;
hh =  two digit hour in terms of military time (e.g. 1:00pm is represented
as 13:00);
mm =  two digit minute.

The time is represented in military time and midnight is referred to as 24:00. For
instance, 05/28/1973 24:00 represents the midnight on the night of May 28, 1973.
Another example is the starting date and time of a simulation period: if the initial
conditions for a monthly simulation is given for the end of September 30, 1975, then the
time stamp for the starting date and time of the simulation will be 09/30/1975 24:00.
The first simulation result will be printed for October 31, 1975 at midnight with the time

stamp 10/31/1975_24:00.
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2.1.3. Preparation of Time Series Data Input Files

Time Tracking Simulation

In time tracking simulations, the user is allowed to use a mixture of ASCII text

and DSS files for time series input data. In preparing these files, the user should follow

the rules listed below:

1.

The data should have a regular interval. Gaps in the data are not allowed.
For instance, if the data is monthly a value for every month should be
entered.

The time stamp of the data represents the end of the interval for which the
data is valid. For instance, in monthly time series stream inflow data, a data
point time stamped with 08/31/1995 24:00 represents the inflow that
occurred in August of 1995. As another example, if the starting date and
time of the simulation period is 12/31/1970_24:00 (i.e. initial conditions are
given at the midnight of December 31, 1970) in a monthly simulation, then
IWFM  will search for the time series data time stamped as
01/31/1971_24:00 (data for the month of January in 1971) in the time series
input files.

The smallest interval that can be used for time series data is 1 minute.

A time series input data can be constant throughout the simulation period. If
an ASCII text file is used for data input, the time stamp for the constant
value can be set to a date and time that is greater than the ending date and
time of the simulation period. For instance, if the simulation period ends at

06/15/2003_18:00 (6:00pm on June 15, 2003), then the constant value can



have a time stamp 12/31/2100_24:00 (midnight on the night of December
31, 2100). IWFM reads the constant value for the midnight of December
31, 2100 and uses this value for all simulation times before this date and
time. Generally, time series input files include conversion factors to convert
only the “spatial” component of the input data unit. The temporal unit is
deduced from the time interval of the input data. In the case of constant
time series data, IWFM is not able to obtain the time interval and, hence, the
temporal unit. If a constant value for time series data is used, the user
should make sure that appropriate conversion factors are supplied so that the
temporal and spatial units of the input data are consistent with those used
internally in Simulation. Time series data that is constant can also be
represented in DSS files but this is not suggested.

For rate-type time series data (e.g. stream inflow data), the time unit is
assumed to be the interval of data. For instance, if the stream inflow data is
entered monthly, IWFM assumes that the time unit of the flow rates is 1
month. When time series data is a constant value for the entire simulation
period IWFM has no way to figure out the time unit of the input data. In
this case the user should make sure that the time unit of data is the same as
the consistent time unit of simulation

For recycled time series data (e.g. fraction of total urban water that is used
indoors given for each month but do not change from one year to the other),
the year of the time stamp can be set to 4000. Year 4000 is a special flag for

IWFM such that it replaces year 4000 with the simulation year to retrieve



the appropriate data from the input file. As an example consider the time
series data in Table 2.2 for the fraction of total urban water that is used
indoors. This data set represents that for the first third of each simulation
year the urban water indoors usage fraction is 0.7, for the second third it is
0.5 and for the last third it is 0.35. Recycled time series data can be used in
both ASCII text and DSS files. If a monthly time series data is to be
recycled the user should enter the time stamp for the last day of February as
02/29/4000_24:00 to address both the leap and non-leap years.

The interval of time series data is required to be synchronized with the
simulation time step. Table 2.3 shows examples of accepted and unaccepted
situations. It should be noted that IWFM will continue to read data from the
input files even if the data interval is not properly synchronized with the
simulation time step. However, in such cases there is no guarantee that the
correct data will be retrieved from the input file. Therefore, it is up to the
user to ensure correct synchronization between the input data and the

simulation time step.

Fraction of
Time Stamp Urban Indoors Water
04/30/4000_24:00 0.70
08/31/4000_24:00 0.50
12/31/4000_24:00 0.25

Tahle 2.2 Ezample for representation of recycled time series data



Situation Graphical Representation Accepted

. . TS data I f f ; l > 1
Monthly time series data, Yes
monthly simulation Simulation : : : : > t
. . TS data ; } } } } > t
Monthly time series data, ' ' ' ' ' Ves
daily simulation Simulation  H—HH——HHHHHHHHHHHH—— t
Monthly tlmg series data, TS data : : ; ; ; .t
monthly simulation No
(TS data times dgn't match simulation  gjmulation : : : : > t
times)
. . TS data ' | | | | > t
Monthly time series data, ' ' ' ' ' No
weekly simulation Simulation F———————+—+—+—+—+—» t
] ] TSdata | : i : : > t
Monthly time series data, No
yearly simulation Simulation | ; ; > t

Table 2.3 Examples for acceptable and unacceptable cases for the syncronization of time series data interval and the simulation time step



ii. Non-time Tracking Simulation

In this case, the first data entry in the input data file should always correspond to
the first time step in the simulation. Recycled time series data as well as data that is
constant throughout the simulation period can be represented using NSP_ and NFQ _
variables (see the chapter on Simulation for more details). The time tag for each entry in
the data file should be an integer number. This number is simply for the user to track the

time series data; IWFM does not use it for any purposes.

2.2. Input and Output Data File Types

IWFM can access multiple file formats: (i) ASCII text, (ii) Fortran binary, and
(i) HEC-DSS files. The user can use several file formats in a single application. For
instance, some of the input time series data can be read from HEC-DSS files whereas the
rest can be read from ASCII text files. Some of the time series simulation results can be
printed out to ASCII text files and the others can be printed out to HEC-DSS files.

Although IWFM allows usage of several file formats in a single application, some
of the input and output files are required to be in specific formats. For instance, all
budget output files generated by Simulation and read in by Budget or Z-Budget post-
processors are required to be in Fortran binary format. Another example is the main
control input files for all IWFM components; these files are all required to be in ASCII
text file format.

IWFM recognizes the file formats from the file name extensions. Table 2.4 lists

the file name extensions that are recognized by IWFM for each of the file formats.
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Recognized File Name
File Type Extensions

LDAT

THT

[O1TT
ASCT NIy
I
T2

EUD

Fottran binaty BIN

HEC-DSS DEE
Tahle 2.4 File name extensions recognized by DWERL
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3. Pre-Processor

The pre-processor is the first portion of IWFM that is executed when running the
model. The program compiles time-independent data such as the spatial, hydrologic, and
stratigraphic characteristics specific to a simulation project. Specification of the finite
element mesh, element soil characteristics, stratigraphy, stream network, lakes and wells
within the model domain are processed in this part of IWFM. This chapter gives a
description of the pre-processor subroutines, input and output file descriptions and

sample input and output files.

3.1. Subroutine Descriptions

The pre-processor is a procedural FORTRAN program, and consists of a main
program and subroutines (Figure 3.1). This section describes each subroutine included in

the pre-processor program.

Iwfm_f1 The main program, which reads the main pre-processor input file
(Unit 5). Iwfm_f1.for generates a binary and ASCII output file.
The binary file contains information necessary to run the model
simulation. The ASCII output displays processed data read by

the pre-processor.

3-1



Computes the fraction of
pumping/recharge

distribution to the groundwater
nodes surrounding a well
location

——

B

[/ g IWFM
\ Pre-Processor

| —

v

Iwfin_f1

l

GetMainControlData

A

Getg

\

Check elem

Nodeconf

Y

Element

Y

Flux_config

l

Construct_rot_coeff

Y

Boundary elem

Interp 2d =

Wellfunc

Yy

e o

-,

( End
_ Pre-Processor )

.

Controls the general flow of the program;
prints out binary and ASCII output files.

main control file, initializes the

}Rea.ds in the information [rom
project input and output files

Reads the time-independent data and calls the
following subroutines.

}Chccks if all elements are

convex.

Compiles information on the connectivity
of finite element nodes

}Computes element areas

}Cumpiles element mterface information
for face flow computations

Computes cocfficients for cach of the
nodes to define irrotationality

Computes the fraction of
pumping/recharge distributed to each

}Idcnli.ﬁcs boundary elements and nodes
}aquifer layer at specific well locations

Figure 3.1 IWFM pre-processor subroutines
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Getg

Check_elem

Nodeconf

GetMainControlData This subroutine opens and reads in
the title of project, file names, output options and output
conversion factors from the main input file. It also opens and

initializes the project input and output files.

This subroutine reads and processes the time-independent input
data. The time independent data read in Getg is as follows:
Nodal x and y coordinates, stratigraphy of groundwater layers,
stream network, lake characteristics, well locations and
characteristics, and element characteristics. Getg also
establishes the JND and NJD arrays that are used to store the
non-zero components of coefficient matrix and row-column

locations.

This subroutine checks that all finite elements are convex, i.e.
the internal angles at each node of an element are larger than

180 degrees.

This subroutine compiles information based on the finite
element nodes specified in the nodal coordinate data file (Unit
8) to be used for compact storage of matrices and vectors used
in the solution of the quasi three-dimensional groundwater

equation.
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Element

Flux_config

Construct_rot_coeff

Boundary_elem

Wellfunc

Interp_2d

This subroutine calculates elemental areas based on the nodal

coordinates specified in Unit 8.

This subroutine numbers each of the element interfaces and
identifies the interface numbers that meet at each finite element
node. This information is used in Simulation in computing the

flow rates through element interfaces.

This subroutine computes the relevant coefficients to define the
irrotationality of the flow field at a closed path around each

finite element node.

This subroutine identifies the element numbers and
corresponding element faces that lie on the entire modal and

the subregional boundaries.

This subroutine determines the fractions to vertically distribute

the pumping/recharge to each aquifer layer.

This is the interpolation routine that computes the relative

proportion of pumping distributed to the groundwater nodes

surrounding the well location.
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3.2. Input Files

This section consists of input file explanations, the description of variables in
each pre-processing input file and sample input files. The user should not judge input file
spacing based on the sample input files provided in this documentation, instead refer to
the input files from a copy of IWFM.

Table 3.1 specifies the input files that contain required and optional data to run
the pre-processing portion of IWFM. The status is based on the input files required to
simulate groundwater flow with IWFM, versus groundwater flow simulation in

conjunction with other model features, such as stream flows, and lakes.

Pre-Processor Main Input File Unit 5

The main input file allows a maximum of three lines for a title that is printed to

the ASCII output file (Unit 6). ‘C’, “c’, or “*’ should not be in the first column of any of

File Description Status

Tt 7 Element and node specification Eequired
Tt & spatial location of all nodes Eequired
Tt 9 Composition of groundwater layers Eequired
Tt 10 Stream configuration Oiptional
Tt 11 Lake configuration Optional
Tt 12 WWell locations and charactenistics Dptional
Tt 13 Hydrologic charactenistics of each element Eequired

Tahle 3.1 List of TWFM pre-processor mput files
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the title lines. All pre-processor input file names are read from the main input file and

associated with a unit number within the program. All input and output file names must

be no more than 50 characters long, and each file name must be within the first 50

columns. Simply leave any file name specification columns blank if an input file is not

used. Groundwater simulation requires element configuration data (Unit 7), nodal

coordinate data (Unit 8), stratigraphy (Unit 9), and element characteristics (Unit 13). The

pre-processor can output all units of length and area, given that the user specifies the

conversion factor from simulation units to output units of length and area. The following

list represents each input variable specified in Unit 5:

KOUT

KDEB

FACTLTOU

UNITLTOU

FACTAROU

UNITAROU

Option to print time-independent data read by the pre-processor
program

This print option allows the user to print program messages on the
screen during execution of the pre-processor or print the non-zero
finite element stiffness matrix components

Factor to convert simulation unit of length to the user specified
output unit of length

The output unit of length, described in a maximum of 10 characters
Factor to convert simulation unit of area to the user specified
output unit of area

The output unit of area, described in a maximum of 10 characters
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CHRr AR AR AR AR AR AR AR R AR A AR AR A AR AR A AR AR A AR AR AR AR A AR AR A AR AR A AR AR A AR AR AR AR AR AR R
C

C INTEGRATED WATER FLOW MODEL (IWFM)
c *EE Version ### FrE
C
[sEE ettt ettt R
C
[ MAIN INFUT FILE
C for IWFM Pre-Processing
C (Unit 5)
[
[
C Project:
C Filename:
C
(e
C Titles Printed in the Output
C
C *B Maximum of 3 title lines can be printed.
C *Do not use '*' , 'c' or 'C' in the first column.
[
C AERAAAAARA A AR AR A A AL L
IWEM
Version ### Release
C S
(e
C File Description
[
C *Listed below are all input and output file names used when running the
C pre-processor for IWEFM simulation.
C
C  *Bach file name has a maximum length of 200 characters
C
¢ *If a file does not exist for a project, leave the filename blank
C For example, if lakes are not modeled in the project, the file name and
C description columns for unit 11 will appear as:
[
[ FILE NAME UNIT DESCRIPTION
[ /11: LAKE DATA
C
[ FILE NAME UNIT DESCRIPTION
C
OUTPUT1.BIN / 4: BINARY OUTPUT FOR SIMULATION (QUTPUT, REQUIRED)
/ 5: *#** (Not used in this version) ***
/6 *** (Not used in this version) ***
ELEMENT.DAT / 7: ELEMENT CONFIGURATION FILE (INPUT, REQUIRED)
XY.DRT / B: NODE ¥-Y COORDINATE FILE (INPUT, REQUIRED])
STRATA.DAT / 9: STRATIGRAPHIC DATA FILE (INPUT, REQUIRED))
STREAM.DAT /10: STREAM GEOMETRIC DATA FILE (INPUT,
LAKE.DAT #11: LAKE DATA FILE (INPUT, OPTIONAL)
/12: WELL DATA FILE (INPUT, OPTIONAL)
ELEMCHRC .DAT /13: ELEMENT CHARACTERISTIC DATA FILE (INPUT,

C
e e e e ]

C Pre-Processor OQutput Specifications
C
C KOUT; Enter 1 - Print geometric and stratigraphic information
C Enter 0 - Otherwise
[
C KDEB; Enter 2 - Print messages on the screen during program execution
C Enter 1 - Print non-zero Finite Element Stiffness Matrix Components
C Enter 0 - Otherwise
C
C  VALUE DESCRIPTION
C
1 SROUT
1 /KDEB

CHRA AR AR AR AR AR AR A AR AR A AR AR A AR AR A AR AR AR AR A AR AR A AR AR A AR AR A AR AR AR AR A AR AR A AR AL R

C Unit Specifications of Pre-Processor Output
[
C FACTLTOU; Factor to convert simulation unit of length to specified output unit of length
[} UNITLTOU; The output unit of length (maximum of 10 characters)
C FACTAROU; Factor to convert simulation unit of area to specified output unit of area
[} UNITAROU; The output unit of area {(maximum of 10 characters)
C
C
C VALUE DESCRIPTION
C
1.0 /FACTLTOU
FEET AUNITLTOU
0.000022957 SFACTAROU
ACRES AUNITAROU



Element Configuration File Unit 7

Unit 7 details the element configuration for each element represented in the finite
element mesh. Each element is configured from three or four nodal points. All elements
that represent the model domain are either triangular or quadrilateral. A zero value for
IDE(4) indicates that the element is triangular. Nodes corresponding to each element are
specified in a counterclockwise manner. Element size should be based on observed or
predicted groundwater head gradients throughout the model domain. Therefore, in areas
where the flux is large, the size of the elements should be smaller than those located in

areas of relatively small flow gradients. The following variables are required as input in

Unit 7:

NE Number of elements within the model domain

IE Element number

IDE Nodes corresponding to each element number; 3 nodes are

associated with each triangular element (4" node should be set to

zero) and 4 nodes are associated with each quadrilateral element
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Nodal X-Y Coordinate File Unit 8

The nodal coordinate file contains each node number and corresponding x and y
coordinates (in relation to a specific origin). Any coordinate units may be used as long as
the appropriate conversion factor is given. This file sets up the spatial orientation of the
groundwater nodes in the model domain. The finite element mesh is generated from the
nodal coordinates, as well as relationship between elements and corresponding

groundwater nodes (refer to Unit 7).

ND Number of groundwater nodes

FACT Factor to convert nodal coordinates to simulation unit of length
ID Groundwater node identification number

X x-coordinate of groundwater node location

Y y-coordinate of groundwater node location
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e o R R T S AT
cC

c INTEGRATED WATER FLOW MODEL (IWEM;
I FEE Version #EF R
c

[ e
cC
NODAL X-Y COORDINATE FILE
for IWFM Pre-Processing
{Unit 8}

Project: IWFM Version ### Release
California Department of Water Resources
Filename: XY.DAT

R R R R R e o o e R

File Description

*This file includes all groundwater nodes that represent the model domain,
as well as the x and ¥y coordinates that correspond with each node.

*The coordinates can be specified for any reference point and coordinate
systen

R R R R R e o o e R

Groundwater Node Specifications

02 (2 Cx (2 02 02 0y 02 020y 0y 0020y 0Cy 0202020000

ND; Number of groundwater nodes
FACT; Conversion factor for nodal coordinates
oo e
[ VALUE DESCRIPTICN
oo e
441 /ND
1.0 /EFACT
oo e
CrRERRR R AR AR R AR R R A AR R R A AR A R R R A AR AR R AR R AR A R AR XA AR R R AR R R AR AR R A AR AR AR AR KRR AR KRR AAS
[ Groundwater Node Locations
[od The following lists the node number and x & v coordinate of each node
[
C 1D; Groundwater node number
cC ¥,Y; Coordinates of groundwater node location [L]
[

C
c
c

1 . 0.0

2 Zo00.0 0.0

3 4000.0 0.0

4 6o00.0 0.0

5 aooon.o 0.0
437 3zo000.0 40000.0
438 24000.0 40000.0
439 36000.0 40000.0
440 3g000.0 40000.0
441 40000.0 40000.0
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Stratigraphy File Unit 9

The stratigraphy data represents the composition, distribution, and succession of
aquifer layers. Each aquifer layer can be classified as confined or unconfined. For a
confined layer, information must be provided about confining layer (aquiclude or
aquitard). The data file specifies each aquifer layer. The conversion factor in the data
file converts elevations and thicknesses to simulation unit of length. Each groundwater
node, the ground surface elevation at the groundwater node, and the thickness of each
layer (and corresponding confining layer) at each node are required stratigraphy input
data.

If the thickness of the aquiclude or aquitard is set to zero, there is no separating
confining layer that distinguishes an aquifer layer from the adjacent layer. If thickness of
an aquifer layer is set to zero, this implies that the groundwater node at that aquifer layer
IS an inactive node and the aquifer layer does not exist at that location. The following
input is required in the stratigraphy data file:

NL Number of groundwater layers modeled in IWFM; each layer
consists of an aquifer and aquiclude or aquitard
FACT Factor to convert stratigraphic data from user input units to the

simulation unit of length

ID Groundwater node
ELV Ground surface elevation relative to a common datum, [L]
W Thickness of the aquifer layer, and its confining layer (if the layer

is confined). If the layer is unconfined, specify the aquitard

thickness as zero
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EEE TR TR R SRR LSRR LTRSS LTSS

INTEGRATED WATER FLOW MODEL {IWEM)
®*% Version ### *r%

EEE TR TR R SRR LSRR LTRSS LTSS

STRATIGRAFHY FILE
for IWFM Pre-Processing
(Unit 9)

Project: IWFM Version ### Release
California Department of Water Resources
Filename: STRATA.DAT

AERA A AR AR A A AR AR AR A AR AR A A AR AR AR AR AR AR AN AR A AR AR AR AN AL AL
File Description

This data file contains:

*the ground surface elevation,

*the number of aguifer layers to be modeled, and

*the thickness of each aquifer and corresponding confining layer (if any)
at each groundwater node within the model domain.

L9 T o T o T o o o T o T o T o o T o T o o T o o T o T o o o T o T T o T T T o o o o R R R o

[ e

L]

AERA A AR AR A A AR AR AR A AR AR A A AR AR AR AR AR AR AN AR A AR AR AR AN AL AL
Stratigraphy Specification Data

MNL; Number of layers to be modeled
FACT; Conversion factor for elevations and thicknesses in the
stratigraphic data

VALUE DESCRIPTION
2 /NL
1.0 /FACT

Lo T oo T o T o o o T o T o T o o T o T o o T o o o T o o R R R v R o

[oReNw]

AERA A AR AR A A AR AR AR A AR AR A A AR AR AR AR AR AR AN AR A AR AR AR AN AL AL
Stratigraphy Data

*The stratigraphy data represents the geology that deals with the origin,
composition, distribution and succession of groundwater layers.

*Each groundwater layer is specified as an aquifer and aquiclude or aquitard.
If there i1s no aguiclude or aquitard within the layer, specify a thickness
of zero

*The stratigraphy data includes the ground surface elevation, as well as the
thickness of the agquifer, aquitard, or aquiclude at each groundwater node

1D; Groundwater node
ELV; Ground surface elevation with respect to a common datum; [L]
Wil): Thickness of aquiclude in Layer 1; [L]
Wi2): Thickness of aquifer in Layer 1:; [L]
W{3): Thickness of aquiclude in Layer 2; [L]
Wid); Thickness of aquifer in Layer 2:; [L]
W{5): Thickness of aquiclude in Layer 3; [L]
WiG); Thickness of aquifer in Layer 3:; [L]
Node Elevation --Layer #l-- --Layer #Z-- --Layer #3--
D ELV wil) wiz) wi{3) wi4) Wis) WwiaE)
1 500.0 0.0 500.0 10.0 100.0
2 500.0 0.0 500.0 10.0 100.0
3 500.0 0.0 500.0 10.0 100.0
4 500.0 0.0 500.0 10.0 100.0
5 500.0 0.0 500.0 10.0 100.0
436 500.0 0.0 500.0 0.0 100.0
437 500.0 0.0 500.0 0.0 100.0
438 500.0 0.0 500.0 0.0 100.0
439 500.0 0.0 500.0 0.0 100.0
440 500.0 0.0 500.0 0.0 100.0
441 500.0 0.0 500.0 0.0 100.0
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Stream Configuration File Unit 10

Stream flow is modeled using one-dimensional line segments. The stream
configuration data file contains all of the stream nodes and spatial orientation. The data
file includes the stream network configuration, which is specified for each reach.
Following the stream reach data is the rating table for each of the stream nodes. Based on
the rating table values, interpolation is used to determine the stream flow for a specific
stream elevation. The following parameters must be specified at the beginning of the

stream configuration file for the simulation of stream flows:

NRH Number of stream reaches modeled
NR Number of stream nodes modeled
NRTB Number of data points in each rating table. A rating table is given

for each stream node specified within the model domain

Stream Reaches

For each reach of a river, the following items are specified: reach identification
number (ID), first upstream node of reach ID, last downstream node of reach ID, and the
stream node that reach ID flows into. The stream nodes are then listed, followed by the
groundwater node that the stream node corresponds to, and the subregion that the stream
node belongs to. The subregion listed for a stream node does not have to be the one that
the node physically resides. The subregion numbers are used solely for grouping and
reporting the simulation output. For instance, a particular stream node may physically
reside in one subregion but, for operational or management purposes, it may be reported

in another subregion.
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If flow from a stream reach contributes to a lake, then the lake number preceded
by a negative sign should be entered for variable IDWN. The lake numbers are listed in
the lake data file. Such a set-up is different than a set-up where recoverable losses from a
by-pass (see Simulation part of this manual) flow into a lake. By-pass flows are
computed before stream-groundwater interaction is calculated. In the former case, all
flows at the reach, including the stream-groundwater interaction, will contribute to lake
storage. However, in the latter case, stream-groundwater interaction will be excluded
from the amount of flow that contributes to the lake.

The following parameters are specified in the stream reach specification portion

of Unit 10:

ID Reach identification number

IBUR First upstream node of reach ID

IBDR Last downstream node of reach 1D

IDWN Stream node that reach ID flows into (enter zero if stream flow
leaves the modeled area; enter —nlk if stream flow enters lake
number nlk)

IRV Stream node number

IGW Groundwater node that the stream node IRV corresponds to

IRGST Subregion that the stream node IRV belongs to

Rating Table

Each stream node and corresponding stream bottom elevation are specified in this

file, along with a rating table for each stream node that specifies the flow rate for various
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stream elevations. The purpose of a rating table is to determine stream flow rate, given a

specific stream elevation. Factors to convert stream depths and stream bottom elevations

to simulation unit of length and stream flows to simulation unit of flow rate are required.

FACTLT

FACTQ

TUNIT

BOTR
HRTB

QRTB

Factor to convert stream bottom elevation and depth to simulation
unit of length

Factor to convert the spatial component of the rating table flow
rates into simulation unit of volume. For instance, if the rating
table flow rates are given in ac.ft./month and the consistent
simulation units for volume and time are cu.ft. and day,
respectively, then this variable should be set to 2.29568E-05 (to
convert ac.ft./month to cu.ft./month). The conversion of
cu.ft/month to cu.ft./day is performed dynamically in the
Simulation part since each month has a different number of days.
This variable can also be used to convert flow rate units that are
not recognized by IWFM to units that are recognized. For
instance, if the flow rates are given in units of cfs (IWFM doesn’t
recognize second as a unit of time), this variable can be set to 60 to
convert cfs into cu.ft./min and variable TUNIT can be set to 1IMIN.
Time unit of the rating table flow rates

Stream node number

Stream bottom elevation relative to a common datum, [L]

Stream depth, [L]

Flow rate at stream depth HRTB, [L*/T]
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e s
C

C INTEGRATED WATER FLOW MODEL {IWEM)
[ *E® Version ##§ rF%
C

e L e e T P DT
C
STREAM SPECIFICATION FILE
for IWFM Pre-Processing
(Unit 10}

Project: IWFM Version ### Relesase
California Department of Water Resources
Filename: STREAM.DAT

E e T

File Description

*all stream/river nodes modeled in IWFM are specified with respect to their
corresponding groundwater nodes

*n flow wersus depth rating table is specified for each stream node

E R o R R T T R T e T T

gtream Reach Specifications

NRH; Number of stream reaches modeled
NR; Number of stream nodes modeled
NRTE; MNumber of data points in stream rating tables

nnOonNnOoonNOonNoOonNonNOOoooOonNooooo0on

(e o
C VALUE DESCRIPTICN
(e o
3 / NRH
23 / NR
5 / NRTB
(o
R A A A A R A R R A A A A A A A A A A A A A A A AR A A AR A AR AT ARAEAAARAAS
[ Description of Stream Reaches
C
C The following lists the stream nodes and corresponding groundwater
[ nodes for each stream reach modeled in IWFM.
C
[ ID; Reach number
(o} IBUR; First upstream stream node of the reach
[ IBDR; Last downstream node of the reach
c IDWN; Stream node into which the reach flows into
[ 0: If stream flow leaves the modeled area
[ -nlk: If stream flows into lake number nlk
C
o In addition, for each stream node within the reach the corresponding
o groundwater node and subregion number is listed.
C
[ IRV; Stream node
c IGW; Corresponding groundwater node
[ IRGST; Corresponding subregion number
C
o
C REACH 1
c Reach Upstream Downstream oOutflow
[ Node Node Node
C 1D IBUR IBDR IDWN

C Stream Groundwater Subregion

C node node number
C IRV IGH IRGST
o
1 433 2
2 412 2
2685 2z
10 Z64 2z
o o
C REACH Z
C Reach Upstream Downstream Outflow
C Node Node Node
C 1D IBUR IBDR IDWN
(o
Z 11 16 17
(o
C Stream Groundwater Subregion
c node node number
C IRV IGw IRGST
(o
11 222 2z
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a0

o]

REACH 3

Reach Upstream Downstream ©Outflow
Node Node Node

ID IBUR IBDR IDWN

3 17 23 0

Stream Groundwater Subregion

node node number

IRV IGH IRGST

17 139 1

23 13 1

LS9 o T o T o o T o T o T o T o o o R R v R v R o

[ e

r Cx 0302 02020)0)00

oSN

AR A A AR A A A A A A A A A A R A A A A AR A A A A A A A A A AR AR A A AR A A AR T A AR A TR A A FES
Stream rating tables
FACTLT; Conversion factor for stream bottom elevation and stream depth
FACTQ; Conversion factor for rating table flow rates
It is used to convert only the spatial component of the unit;
DO NOT include the conwversion factor for time component of the unit.
* e.g. Unit of flow rate listed in this file =
Consistent unit used in simulation =
Enter FACTQ (AC.FT./MONTH -»> CU.FT./MONTH) =
(conversion of MONTH -»> DAY is performed automatically)
TUNIT; Time unit of flow rate. This should be one of the units
recognized by HEC-DSS that are listed in the Simulation Main
Control File.
VALUE DESCRIPTION
1.0 / FACTLT
60.0 / FACTQ

1MIN / TUNIT

AC.FT./MONTH
CU.FT/DAY
2.295A8E-05

[cf=s -» cu.ft/min since seconds cannot be represented in Simulation]

The following lists a stream rating table for each of the stream nodes
*Note* In order to define a specified stream depth, enter all HRTE values
as equal to the specified depth walue

1D; Stream node number
BOTR; Stream bottom elevation
HRTB; Stream depth [L]

relative to a common datum

ORTE;

Jtream
node
ID

23

Flow rate at stream depth HRTE [L*3/T]

[L]

Bottom
elevation
BOTR

Stream
depth
HETE

Flow
rate
ORTE

298.0

296.0

Z260.0

[T S =
ocoo

0.00
734.94
3299.29
19033 .60
41568 .45
0.00
734.94
3299.29
19033 .60
41568.43
0.oo
734.94
3299.29
19033.60
41568.45

0.oo
734.94
3299.29
19033.60
41568.45
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Lake Configuration File Unit 11

The lake data file specifies the number of lakes modeled and the total number of
lake elements. Each lake is specified by an identification number. The identification
number of the next downstream lake for each lake is required, followed by the number of
elements that each lake encompasses and the element numbers that correspond to the lake

region. The following lists the lake input:

NLAKE Number of lakes modeled

NTELAKE Total number of lake elements

ID Lake identification number

INLAKE Lake identification number of the next downstream lake. Enter O

(zero) if flow from lake leaves the modeled area, -nd if flow from
lake goes to stream node nd, or nd if flow from lake goes to the
downstream lake nd

NELAKE Number of elements that a lake encompasses

IELAKE Element number over which the lake is located
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CRAXRRRAXRRRAXRRRAAARRARAR
[

[ INTEGRATED WATER FLOW MODEL (IWEM)
c *EE Version ### FrE

[
CRAXRRRAXRRRAXRRRAAARRARAR
[

LAKE CONFIGURATION DATA FILE
for IWFM Pre-Processing
{Unit 11)

Project: IWFM Version ### Release
California Department of Water Resources
Filename: LAKE.DAT

EEE TR LTS L

File Description:

This data file contains the number of lakes being modeled,
next downstrem lake and the finite elements included in each lake.

AEEAAAAARA AR AR AR AR AN AL AL
Lake Configuration Data

NLAKE : Number of lakes that are being modeled
NTELAKE; Total number of lake elements

RN sNsNsNsNsNeN NN NN NN N o o R i)

VALUE DESCRIPTION
1 / NLAKE
10 / NTELAKE

o o
[
C The following lists the area and elevation for the NLAKE number of lakes
[
C 1D ;  Sequential number for the lakes
C INLAKE; Next downstream lake number
c 0 : if flow from lake leaves the modeled area
C -nd : if flow from lake goes to stream node nd
C nd : if flow from lake goes to the downstream lake, nd
C NELAKE; Number of lake elements where lake lies
c IELAKE; Element in which the lake is located
o
C Lake No. Next Lake Elem per Lake Element
[ 1D INLAKE MELAKE IELAKE
C
1 -11 10 169
170
171
1818
189
150
207
208
209
210
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Well Data File Unit 12

The location and characteristics of wells are specified in the well data file.
Similar to the nodal coordinates data file (Unit 8), each well identification number
corresponds to a location based on an x and y coordinate. The x and y coordinates can be
input with any units, as long as the correct conversion factor (FACTCX) is given in the
file. Other required input for each well is the diameter and the elevation of the top and
bottom perforations in the well. Factors to convert the diameter and elevations from
input units to simulation units are also required. The following list of variables is

required input data, given that pumping and recharge are defined on the basis of well

locations:

NWELL Number of wells modeled

FACTCX Conversion factor for well coordinates

FACTRW Factor to convert well diameter to simulation unit of length
FACTLT Factor to convert perforation depths to simulation unit of length
ID Well identification number

XWELL x coordinate of well ID, [L]

YWELL y coordinate of well 1D, [L]

RWELL Well diameter, [L]

PERFT Elevation of the top perforation, [L]

PERFB Elevation of bottom perforation, [L]
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Element Characteristics File Unit 13

The element characteristics file contains hydrologic characteristics of an element.
The rainfall station and the fraction of the precipitation measured at the station determine
the precipitation on an element. The rainfall station is associated with an element based
on location. The rainfall factor is a weighted average of the long term mean annual
precipitation at an element and the long term average annual precipitation associated with
the corresponding rainfall station. If zero is entered for the rainfall stations for all the
elements, then IWFM can be used to model only the groundwater system, streams and
lakes without simulating any land processes (i.e. infiltration, evapotranspiration, direct
runoff of precipitation and return flow of applied water). Otherwise, a non-zero station
identification number must be entered for all elements.

The hydrologic soil properties of the elements are based on National Resources
Conservation Service (previously known as Soil Conservation Service) soil reports.
Refer to the National Engineering Handbook, Section 4 published by the USDA (1985)
for more detail. NRCS classifies four soil groups, termed A, B, C, and D. The four soil
groups represent the following runoff characteristics:

. Soil Group A Soils (sands and gravels) with high transmissivity, therefore
having a high infiltration rate, and low runoff potential
(A=1)

. Soil Group B Usually a mixture of fine and coarse textured soils with
moderate transmissivity (and infiltration rates), therefore

they have a low to moderated runoff potential (B=2)
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. Soil Group C Fine texture soils with low transmissivity rates and slow
infiltration rates, which leads to moderate to high runoff
potential (C=3)

. Soil Group D Semi-pervious to impervious soils (i.e. clay) that have high
runoff potential (D=4)

If a non-integer value is entered for the soil type at an element, IWFM rounds it to
the nearest integer and uses it as the soil group number for the element. The drainage
node related to each element routes the runoff from an element to a stream node. Several
elements can drain to a single stream node. Drainage is highly dependent on the
topography of the study area. If a value of zero is entered for drainage node then it is
assumed that the surface flow leaves the modeled area.

Unit 13 also denotes the subregion and sub-group each element is associated with.
Subregions and sub-groups contain multiple elements and are predominantly defined for
reporting purposes. Much of the post-processing is tabulated by subregion.

The following list defines the input variables specified in Unit 13:

IE Element number

IRNE Rainfall station assigned to element IE

FRNE Factor to convert rainfall at rainfall station IRNE to rainfall at
element IE

ISTE Stream node that the surface runoff from element IE drains to

(enter zero if surface flow from element IE leaves the modeled
area)

IRGE Subregion number corresponding to element IE
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ISGE Sub-element group corresponding to element IE

ISOILE Hydrologic soil information of element IE
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3.3. Output Files

Binary Output File Unit 4

The binary file contains the pre-processing information used in the simulation

portion of IWFM. The file is generated in the pre-processor program, and must be copied

to the folder with the IWFM simulation executable program.

ASCII Output File (PreprocessorMessages.out)

The ASCII output file provides the user with information that was processed in

the pre-processor portion of IWFM. The following list indicates the information

available in this output file:

Project title (specified in Unit 5)

Date and time of run, which is determined internally within the program
List of input files read in the pre-processing program

Various warning and/or error messages

Subregional areas

Number of nodes, triangular elements, quadrilateral elements and
groundwater layers

Nodal x-y coordinates and areas associated with each node

Elements, corresponding nodes, and elemental areas

Top and bottom elevations of aquifer layers

IUD variable at a node of an aquifer layer
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IUD=1 : the node is active; i.e. the aquifer layer exists at the
particular node

IUD =-99 : the node is inactive; i.e. the aquifer layer thickness is zero
and the layer does not exist at the particular node

Stream reach information

Well characteristics

Number of active layers at each node

Node numbers surrounding each groundwater node

Non-zero components of conductance matrix
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A R A AR A A R A R A N I A A R A A A N N A A A A A A A A A A A A A A A A A A A A A N A A A A A A A A A A A A A A A A A A AR A A AR AR AR AR AR AT AR AR ARAA AR AS
TWEM
Version ### Release

DWR
R R R e e e ]

THIS RUN IS MADE ON 01/23/2007 AT 15:07:39

THE FOLLOWING FILES ARE USED IN THIS SIMULATION:
4 OUTPUT1.BIN 01/23/2007 02:05
5 MAIN.INI1 01/23/2007 02:15
6 OUTPUTL.OUT
7 ELEMENT.DAT 01/23/2007 02:14
8 XY.DAT 01/23/2007 02:16
9 STRATA.DAT 01/23/2007 02:15%
10 STREAM.DAT 01/23/2007 02:16
11 LAKE.DAT 01/23/2007 02:15

13 ELEMCHRC.DAT 01/23/2007 02:14

REGION = 1 18365.60 ACRES
REGION = z 18365.60 RACRES
TOTAL 36731.20 RACRES

NO. OF NODES { 441
NG. OF TRIANGULAR ELEMENTS {
NG. OF QUADRILATERAL ELEMENTS {
t

{

{

m

)

b

b 400
NG. OF TOTAL ELEMENTS } 400
NO. OF LAYERS )
UM OF CONNECTING NODES FOR EACH NCDE ) 9335

NODE % ¥ ARER (RCRES)
1 0.00 o.o0 Z22.96

441 40000.00 40000.00 2Z2.96

ELEMENT NCDE ARER (RCRES)
1 1 z 23 2z 91.83

400 419 420 441 440 91.83

*** TOP AND BOTTCM ELEVATIONS OF AQUIFER LAYERS (FEET) ***

NODE GRND.3URF . LAYER 1 LAYER 2
IuD TOP BOTTOM IuD TOP BOTTOM
1 s00.00 1 s00.00 0.00 1 -10.00 -110.00
441 L00.00 1 s00.00 0.00 1 0.00 -100.00
REACH STREAM GRID GROUND INVERT RQUIFER ALLUVIAL REGION UP3TREAM DOWNSTREAM UPSTREAM
NO. NG. NO. ELEV . ELEV . DEPTH BOTTOM THICKENESS NO. D ID NODES
(ALL UNITS ARE IN FEET)
1 1 433 500.0 300.0 zo00.0 0.o 300.0 z z 0
1 z 41z 500.0 Z98.0 zi0z.0 0.o 258.0 z 0 0 1
3 22 34 s00.0 Zaz.0 238.0 0.0 262.0 1 0 0 21
3 23 13 a0o.o Zel.0 240.0 0.0 z60.0 1 0 1 2z

##*#%% THERE ARE NO WELLS *#*#*%

NODE # OF LAYERS TOP MNODE SURROUNDING GW NODES

1 2 1 z 23 22
441 2 441 440 419 420
ELEMENT ELEMENT MATRIX COMPONENTS
1 -0.17 -0.33 -0.17 -0.17 -0.33 -0.17
400 -0.17 -0.33 -0.17 -0.17 -0.33 -0.17

LR e R R e e R

TOTAL RUN TIME:

0 MINUTES

0.12 SECCNDS

e L AT



4. Simulation

The simulation portion of IWFM models the groundwater flow and related
processes within the project domain for a simulation time period. This chapter details the
structure of the simulation program and the input and output files associated with this

portion of the program.

4.1. Subroutine Descriptions

The simulation program is a procedural Fortran program, and consists of a main
program which calls several subroutines that simulate groundwater flow and other related

hydrologic processes (Figure 4.1). This section describes each subroutine.

Iwfm_f2 This is the main subroutine that controls the simulation process and

calls the subroutines listed below.

GetMainControlData This subroutine reads the main control input data and

initializes the input and output files.

Array_allocate This subroutine reads in data from input data files and allocates

array dimensions.
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Converts parametric

( IWFM
Simulation

Iwfim 12

A

yMain program that controls the
imulation and calls the
subroutines listed below

GetMainControlData ]7

Reads the main control input data,
Jinitializes input and output files

A

node values to finite Array_allocate
element node values l
[

‘ Getpar - Getgd
* 1

’ Check_elem Confile
Checks if all the l

parametric clements are

convex Spcfile
Y

Delivery rank = Tsllﬂle

Computes the ranking of Flow ids
deliveries -

Y

Outfile
Y

. Initial
s \ Time loop N
/ v

Initialize

0

-

files and allocates array

}Rcads information in the data
dimensions

Reads the boundary conditions,
nitial conditions and print control file

Reads the surface water diversion
specification file

and data frequency information

}Reads the data conversion factors
from the time series data file

}Ident ifies inflow/outflow

components into groundwater

Writes title headings to ASCII and
binary output files

Computes nitial transmissivities and
aquifcr parameters as well as computing
initial groundwater storage, stream
elevations and lake elevations

Initializes relevant arrays for each
time step

Figure 4.1 IWFM Simulation subroutines
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Gettsd
J
Gener
y
Gw_depth
Bound
[
CUAW
4
Supply adjustment Demand
/—\ N lnon
4 } L -
\*J r
Nodal diversion
Loop for solution
TN of equation system v
3 \
) / ’ Pump_dist
-
i
Stream
Computes ET, runoff, return
flows, infiltration, deep ¥
percolation and soil moisture Supply
for different land use areas
Soilmag }4 Surface
Gw_source
o

(2)

e

Reads the data from the time
series data files

~ Computes the initial estimates of
iransmissivities ai the beginning of
each time step

1C0mputes the distance between the

ground surface and the groundwater
’table

yComputes the rating table type boundary
}conditions and performs small stream
watershed simulation by calling Soilmna.for

}Computes the potential CUAW

Computes the agricultural demand based
n CUAW, seasonal crop application
efficiency and re-use factor

1C01nputes the total surface water
jdiversion requirement

}Dislribules pumping to groundwater nodes

Computes stream flows, bypass flows,
stream-groundwater interaction and
components of coeff. matrix and rhs vector

Computes actual surface water deliveries,
pumping and recoverable and
non-recoverable losses

}Calls Soilmag.for to compute soil
moisture for each land use type

Totals the groundwater sources and sinks
at each finite element node

Figure 4.1 IWFM Simulation subroutines (continued)
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Loop for solution

Lake

A

Aquifer

Solve

A

Convergence

@ of equation system

Supply adjustment

A

Adjust_supply

4

@ loop

Y

Fpe check

A

Boundary_flow

!

Face_flow - Nflow
Computes flow rates at A
element interfaces Gwstorage

y

Report_array

!

Output

v

QOutbud

|

@ Time loop

C

Y

Simresult

Y

End

IWFM Simulation

Computes lake evaporation,
lake-groundwater interaction, lake
outflow, lake storage and the components
of coeft. matrix and rhs vector

Re-computes element
transmissivities, conductance matrix
and components of coeff. matrix and
rhs vector

Solves the system of equations for the
change in the groundwater, lake and
stream elevations

Checks convergence of groundwater,
lake and stream elevations and
pumping rates in case of drying wells

Adjusts diversions and/or
pumping to meet the
demand

Checks if an arithmetic error (division
by zero, zero divided by zero, etc) has
occured

nodes

Compiles the inflow/outflow
components to/from each finite element

Computes regional groundwater storage
and cumulative subsidence

Compiles simulation results
and computes values for to
output results

Writes simulation results to text
output files

Writes simulation results
to binary files

Writes out the simulation results at
the end of simulation period

j
j
j
j
j
j
} Computes flow at boundary
j
j
j
j
j
j

)

Figure 4.1 IWFM Simulation subroutines (continued)
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Getgd

Getpar

Check_elem

Confile

Spcfile

Delivery_rank

This subroutine reads the information stored in the binary file
generated during the execution of Pre-processor, reads in
parameter data file and calls subroutine Getpar to convert
parametric grid information to correspond to the finite element

mesh of the project domain.

Converts parametric node values to finite element node values.

This subroutine checks that all the parametric elements specified in
the parameter file are convex, i.e. the internal angles at the nodes

of an element are all less than 180 degrees.

This subroutine reads the following input data files: boundary

conditions, print control file and initial conditions.

This subroutine reads the surface water diversion specification file
and finds the ranking of the deliveries to be used for the surface
water diversions adjustment feature by calling the subroutine

Delivery_rank.

Computes the ranking of the deliveries to be used for the surface

water diversions adjustment feature.
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Tsdfile

Flow_ids

Outfile

Initial

Initialize

Gettsd

This subroutine reads in the data conversion factors and data

frequency information from each of the time series input file.

This subroutine identifies the different sources of inflow/outflow
components to/from the aquifer system based on the hydrologic
processes included in the simulation. This information is used
when detailed inflow/outflow components are printed for each sub-

domain by the Z-Budget post-processor.

This subroutine writes title headings to ASCIlI and binary

simulation output files.

This subroutine computes the initial transmissivities, storativities,
vertical leakances and pre-compaction head values for
groundwater nodes within the model domain. It also computes
regional groundwater storage, soil moisture content in the
unsaturated zone. Finally, it sets the initial stream elevations and

computes lake storages.

This subroutine initializes relevant arrays for each time step.

This subroutine reads the following time series data files:

subregional crop and non-agricultural land use areas, elemental

4-6



Gener

Gw_depth

Bound

CUAW

land use areas, pumping specifications and time-series pumping
data, surface water diversions, irrigation fractions, supply
adjustment  specifications, stream  flows, precipitation,
evapotranspiration, agricultural demand or agricultural demand
parameters, urban water use specifications, urban water demand

and time series boundary conditions data.

This subroutine computes the initial estimate of transmissivities at
the beginning of each time step except the first time step. The
initial estimates of transmissivities for the first time step is

computed in Initial.

This subroutine computes the distance between the ground surface

and the groundwater table.

This subroutine computes the rating table type boundary condition
and performs the small stream watershed simulation in conjunction

with Soilmna.

This subroutine computes the potential consumptive use of applied

water based on the available soil moisture, precipitation, crop

evapotranspiration and minimum soil moisture requirement.
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Demand

Nodal_diversion

Pump_dist

Stream

Supply

This subroutine computes the agricultural water demand based on
the potential consumptive use of applied water, seasonal crop

application efficiency and re-use factor.

This subroutine computes the total surface water diversion
requirement at each stream node based on the surface water

diversion specifications and diversion data.

Depending on the type of pumping data entered (well pumping or
elemental pumping) this subroutine either distributes pumping
from well locations to surrounding nodes or pumping from

elements to corresponding nodes.

This subroutine computes stream flows, bypass flows, actual
diversion amounts, diversion shortgaes and stream-groundwater
interaction based on the estimate of the stream surface elevations.
It also computes the relevant components of the coefficient matrix
and the right-hand-side vector that are used in the solution of the

system of non-linear equations.

This subroutine computes the actual surface water deliveries to
urban and agricultural areas, recoverable losses and non-

recoverable losses from surface water diversion and bypass
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Surface

Soilmag

Gw_source

Lake

processes as well as the amount of pumping from groundwater that

is delivered to agricultural and urban lands.

This subroutine includes subregional soil moisture computations
for the root zone and elemental soil moisture computations for the
unsaturated zone. Soil moisture computations differ slightly for
native and riparian lands than agricultural and urban lands because
of the computations due to the application of water to agricultural
and urban lands. Therefore, subroutine Soilmag is called to
perform soil moisture computations of the agricultural and urban
areas whereas Soilmna is called to compute soil moisture in native

and riparian areas.

This subroutine computes ET, runoff, return flows, infiltration,
deep percolation and soil moisture in agricultural, urban, native

vegetation and riparian vegetation lands within the modeled area.

This subroutine totals the groundwater sources and sinks at each

finite element node.

This subroutine computes lake evaporation, lake-groundwater
interaction, lake overflow and lake storage based on the estimate of

the lake surface elevation. It also computes the relevant
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Aquifer

Solve

Convergence

components of the coefficient matrix and the right-hand-side
vector that are used in the solution of the system of non-linear

equations.

This subroutine re-computes the element transmissivities, and the
conductance matrix. It also computes the relevant components of
the coefficient matrix and the right-hand-side vector that are used

in the solution of the system of non-linear equations.

This subroutine solves the system of equations using the
coefficient matrix and the right-hand-side vector whose
components are computed in Stream, Lake and Aquifer. The
solution of the system of equations results in the changes in the

estimated groundwater, stream and lake elevations.

This subroutine checks if the changes in the estimated
groundwater, stream and lake elevations computed in Solve are
smaller than a user-specified tolerance. It also checks if the aquifer
at any node dries up due to pumping during the time step. If so,
pumping rates are readjusted for the computation of the actual

amount of water that is pumped from a drying well.

4-10



Adjust_supply

Fpe_check

Boundary_flow

Nflow

Face_ flow

This subroutine adjusts, per user’s request, the stream diversions
and/or groundwater pumping to minimize the discrepancy between

the agricultural and urban water demand and the water supply.

This subroutine checks if an arithmetic operation that causes a
floating point error (division by zero, zero divided by zero, etc.)
has occurred during simulation. If such an operation is detected at
a time step the simulation results from previous time step are

printed out to file Unit 50 and the simulation is aborted.

This subroutine computes the flow rates at the boundary nodes.

This subroutine compiles the inflow/outflow terms for each finite
element at each aquifer layer and calls the Face_flow subroutine to
compute the flow rates at each element interface. This subroutine
also prints out the results, i.e. detailed inflow/outflow terms for
each element, to the binary file which is later used by Z-Budget

post-processor to compute water budgets for sub-domains.

This subroutine locally solves the set of equations to compute the

element face flows.
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Gwstorage

Report_arrays

Output

Outbud

Simresult

This subroutine computes the regional groundwater storage at the

end of the time step and the cumulative subsidence.

This subroutine compiles the simulation results and computes the
array values that are used in the reporting of the results.
This subroutine writes the simulation results to the ASCII output

files.

This subroutine writes the simulation information to binary files
that can be used to produce budget tables by running the IWFM

budget post-processing program.

This subroutine writes out the simulation results at the end of the
simulation period to an ASCII output file in the same format as the

initial conditions input data file.

4.2. Input Files

This section consists of input file explanations, the description of variables in

each simulation input file and a sample of each input file. The user should not judge

input file spacing based on the sample input files provided in this documentation, instead

refer to the input files from a copy of the most recent version of IWFM.
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In setting the spatial and temporal input data to be used in IWFM runs, the user is
free to specify data with any units as long as the correct conversion factors are specified.
IWFM does not use a particular set of units internally. Instead, the user decides on the
units to be used and it is the user’s responsibility to specify appropriate conversion
factors in the input data files to convert a particular data unit to the unit used during
simulation. Preparation of each data file includes the entry of relevant conversion factors
that need to be specified by the user.

All time series data files require specifying the NSP_ and NFQ_ variables. For
instance, in the stream inflow data file (Unit 21) these variables appear as NSPSTRM and
NFQSTRM, respectively. These variables are included in time-series data files in order
to make the entry of repetitive data more convenient. NSP_ variable is the number of
time steps before a particular time-series data is updated. NFQ __ variable is the repetition
frequency of the particular data file. As an example, consider monthly evapotranspiration
data. In practice, potential evapotranspiration rates change from month to month but they
stay the same from one year to another. Therefore, generally one value of ET rate is
defined for each month of the year and these values are used for the corresponding
months of all simulation years. The repetitive evapotranspiration data entry can be
avoided by the use of NSP_ and NFQ _ variables. If IWFM is run on a monthly time step,
then NSPET in evapotranspiration data file (Unit 16) can be set as 1, NFQET as 12 and
the 12 monthly evapotranspiration rates can be listed afterwards with the first ET data
corresponding to the first simulation month. This means that IWFM will read an ET

value at the beginning of every time step (NSPET = 1) and when it reads in 12 values
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(NFQET = 12) it will rewind the data file and start reading ET values from the beginning
of the file.

As another example, consider using the same monthly ET data with a daily IWFM
run. Assuming that there are 30 days in each month (IWFM does not make such
assumptions internally. It is up to the user to make and defend such assumptions) the
same 12-value ET data can be used buy setting NSPET to 30 and NFQET to 12. This
time IWFM will read an ET value and use it for 30 time steps (NSPET = 30), i.e. 30 days.
At the beginning of the 31% time step, i.e. 31% day, it will read in the next ET value and
use it for another 30 time steps. When a total of 12 readings from Unit 16 is made
(NFQET = 12), IWFM will rewind the data file and continue reading values from the
start of the file. If, on the other hand, the full time series data for the entire simulation
period is supplied then NFQ_ variable should be set to zero.

Although NSP_ and NFQ_ values are used only in non-time tracking simulations,
the user is required to input a value for these variables in time tracking simulations as
well. The following sections give detailed descriptions of each input and output data file

involved in simulation part of IWFM.

Main Simulation Input File Unit 5

The main input file for IWFM simulation is similar to the pre-processor main
input file, in that it contains the file names for all data files, output files, and binary files
as well as unit output specifications. The character ‘c’, ‘C’, or “*’, in the first column

indicates a comment line in the data file. These characters can not be placed in the first
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column to be read as input. The title of the model run is specified in this file and is
printed in the ASCII output file. The program accepts a maximum of three title lines.
The input and output file names and descriptions are included in this file. The simulation
period start and time as well as time step length are also specified. The simulation option
as time tracking or non-time tracking is specified with the format of the time for the start
of the simulation period.

Three output and debugging options are available in IWFM. A value of 2 directs
the program to print program execution to the screen. A value of 1 prints aquifer
parameter data to the main text output file. Printing the aquifer parameter data is useful
during model calibration. Above options can be turned off by specifying KDEB as zero.

Some simulation results can be written to text output files. The information in the
output files is displayed based on the unit conversion factors and unit names specified in
this input file. The output unit control parameters are used to display the output files in
the units specified by the user.

Solution scheme control parameters (namely the solution method, the relaxation
parameter, maximum number of iterations and convergence criteria for the solution of
equation system, non-linear soil moisture and the supply adjustment) are also specified in
this file. The user can choose between two matrix inversion methods, namely the
successive overrelaxation (SOR) and the generalized preconditioned conjugate (GMRES)
methods. If SOR method is used then the overrelaxation parameter should be set to a
value between 1.0 and 2.0. For GMRES method this parameter is not used even though
some value has to be entered to avoid immature stopping of the Simulation program. In

the situation that the solution of the system of equations or the non-linear conservation
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equation for soil moisture does not satisfy the specified convergence criteria within the

maximum number of iterations set, the user should re-evaluate the convergence criteria

and/or maximum number of iterations set. The convergence criteria and the maximum
iteration number for the supply adjustment are used if automated supply adjustment is
turned on.

The agricultural supply requirement can be specified as input in Unit 19 or
obtained based on the potential CUAW computed in IWFM and the efficiencies provided
in Unit 22. KOPTDM s specified as zero when the agricultural supply requirement is
specified in Unit 19, whereas a value of 1 indicates the agricultural supply requirement is
computed based on the values read from input file Unit 22. The functionality of adjusting
surface water diversions and/or pumping internally can be activating by setting KOPTDV
to a value other than 00.

The following is a list of the variables used in this data file:

BDT Beginning date and time for the simulation. If it is a time tracking
simulation , it should have a MM/DD/YYYY _hh:mm format. If it
is a non-time tracking simulation, it should be a real number.

DELTAT Time step used in the simulation of hydrologic processes. This
variable is used only for non-time tracking simulations. At this
point, this value is hard coded as 1.0.

UNITT For time tracking simulation, this is the time step length and unit.
The user is expected to choose one of the options listed in the main
input file. If non-time tracking simulation, then this is the unit of

time step DELTAT with a maximum of 8 characters.
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EDT

KDEB

CACHE

FACTLTOU

Ending time of simulation period. If it is a time tracking
simulation, it should have the MM/DD/YYYY_hh:mm format. In
non-time tracking simulations it is a real number. For instance,
assume that BDT is set to 5.0 and DELTAT to 1.0 in a non-time
tracking simulation. If the length of simulation period is 100.0
then this variable should be set to 105.0.

Switch for output and debugging options (2 = print messages on
the screen to monitor execution; 1 = print aquifer parameter data to
the standard output file; 0 = turn off output and debugging options)
This is the minimum number of simulation results for each time
series output data that is stored in the computer memory before
saved onto the hard disk. The actual number is specified internally
in IWFM based on the characteristics of the output data. For
instance, if a model domain has a total of 200 groundwater nodes
and if CACHE is set to 2000, then 10 time step worth of
groundwater head values will be stored in the memory before
being saved onto the hard disk. If CACHE is set to 200, only 1
time step worth of groundwater head values will be stored in the
memory. If it is set to 20, still 1 time step worth of head values
will be stored in the memory. The value set for the CACHE
variable can have a substantial effect on the speed of the
simulation especially if DSS files are being used for output.

Factor to convert simulation unit of length to output unit of length
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UNITLTOU

FACTAROU

UNITAROU

FACTVLOU

UNITVLOU

FACTVROU

UNITVROU

MSOLVE

RELAX

MXITER

MXITERSM

MXITERSP

STOPC

STOPCSM

Output unit of length (maximum 8 characters long)

Factor to convert simulation unit of area to output unit of area
Output unit of area (maximum 8 characters long)

Factor to convert simulation unit of volume to output unit of
volume

Output unit of volume (maximum 8 characters long)

Factor to convert simulation unit of volumetric flow rate into
intended output unit of volumetric flow rate

Output unit of volumetric flow rate (maximum 8 characters long)
Matrix solution method.  Enter 1 to use the successive
overrelaxation (SOR) method, or enter 2 to use the generalized
preconditioned conjugate method

Relaxation parameter for the successive overrelaxation method
used in solving the system of equations (value should be between
1.0 and 2.0)

Maximum number of iterations for the solution of system of
equations

Maximum number of iterations for the nonlinear soil moisture
accounting

Maximum number of iterations for supply adjustment
Convergence criteria for groundwater, stream and lake head
difference, [L]

Convergence criteria for soil moisture, [L]
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STOPCSP

KOPTDM

KOPTDV

Fraction of water demand to be used as a convergence criteria for
iterative supply adjustment. If the difference between the water
supply and water demand at agricultural and/or urban lands in a
subregion is less than the convergence criteria, then supply
adjustment is skipped.

Option to specify the agricultural supply requirement: A value of
0 directs the program to read the agricultural supply requirement
from Unit 19. A value of 1 specifies the agricultural supply
requirement to be computed in IWFM based on the computed
potential CUAW and efficiencies read in Unit 22.

Switch to turn on/off the automated water supply adjustment
functionality of IWFM. It is specified as a two digit number. First
digit from left turns on/off adjustment of groundwater pumping (0O
= no adjustment; 1 = adjust groundwater pumping). Second digit
from left turns on/off the adjustment of surface water diversions (0
= no adjustment for diversions; 1 = adjust diversions so that
diversions meet the total water demand less the groundwater
pumping; 2 = adjust diversions so that diversions meet the total
water demand). If both diversions and pumping are specified to be
adjusted, then diversions are adjusted first and pumping is adjusted
second. It should be noted that options 11 and 12 result in

identical adjusted diversion and pumping values. If KOPTDV is
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set to a value other than 00, then file Unit 12 (supply adjustment
specification file) should also be supplied.
NCROP Number of agricultural crops modeled (a value of at least 1 should

be entered)
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o T s R T T S T T T R T
cC

C INTEGRATED WATER FLOW MODEL {IWEM)
Iy *EE Version ###E FEE
(o}

[ttt b R R R R R P T

MAIN INEUT FILE
for IWFM Simulation

(Unit 5}
Project: IWFM Version ### Relesase
California Department of Water Resources
Filename: MAIN.INZ

AR AR A A AR A A A AR AR A A AR AR AR A AR R A A AR AR AR A A A AR AR A AR AR A AR AR AT A AT A AR A A AR AR A AT AR A AR

oonooooooooooooOooonooOooonn

File Description

This file contains the title of the run to be printed in the ocutput,

the names and descriptions of all simulation input files,

conversion

factors and output control options for running the simulation model.

R R A A A A A A A R A A AR A A A A A A N A A A A A A A R A A R AR A A A AR AR A AR AR A AR AR AR ARA AR AR AR
Titles Printed in the Output

*A maximum of 3 title lines can be printed.

*Do not use '*'

et oor

ot

in the first column of the title lines.

Y

IWEM
Version ### Release
DWR

[} HAFAAAA R AR A EAAFAA AT AAH

[ kA e e e e e e e e e

c File Description

(o}

C *Listed below are all input and output file names used when running the

[ IWFM simulation.

(o}

C  *Each file name has a maximum length of 200 characters

C

¢ *If a file does not exist for a project, leave the filename blank

C For example, 1f tile drains are not modeled in the project, the file name and
[l description columns for unit 17 will appear as:

o

(o} FILE NAME DESCRIPTION

[ /17: TILE DRAINS PARAMETER DATR FILE
e

C FILE NAME DESCRIPTICN

C

QUTPUT1.BIN

PARAMETER.DAT

*%% (Not used in this version) ***

*x% {Not used in this version) *%*

BINARY INPUT GENERATED BY PRE-PROCESSCR
*%% (Not used in this version) *%#%

##% (Mot used in this version) #%#
PRRAMETER DATA FILE {(INPUT, REQUIRED)

{INPUT, REQUIRED)

BOUND.DAT BOUNDARY CONDITION DATA FILE (INPUT, REQUIRED)
BOUNDTSD.DAT / 9: TIME SERIES BOUNDARY CONDITIONS (INPUT, OPTICNAL)
PRINT.DAT /10: PRINT CONTRCL FILE (INPUT, OPTIONAL}

INIT.DAT /11: INITIAL CONDITION DATA FILE (INPUT, REQUIRED)

SUPADJ .DAT /12: SUPPLY ADJUSTMENT SPECIFICATION DATA FILE (INPUT, CPTIONAL}
LANDUSE.DAT /13: LAND USE DATA FILE (INPUT, OPTIONAL}

CROPAREA .DAT /14: CROP ACREAGE DATA FILE (INPUT, OPTIONAL)}

PRECIP.DAT /15: PRECIPITATICN DATA FILE (INPUT, OPTIONAL)

ET.DAT /16: EVAPOTRANIPIRATION DATA FILE (INFUT, OPTIONAL)

TILEDEN.DAT /17: TILE DRAINS PARAMETER DATA FILE (INPUT, OPTICNAL)

UEBSPEC .DAT

URBAN WATER USE SPECIFICATION DATA FILE {INPUT, OPTIONAL})

/19: RGRICULTURAL WATER SUPPLY REQUIREMENT DATA (INEUT, OPTIONAL)
URBDEMAND . DAT /20: URBAN WATER DEMAND FILE {(INPUT, OPTICNAL}
INFLOW.DAT /21: STREAM INFLOW DATA FILE (INPUT, OPTICNAL)
CROPDEMAND . DAT /22: CROP DEMAND PARAMETER DATA (Req'd for CURW est.) (INPUT, OPTICNAL)
PUMPSPEC.DAT /23: PUMPING SEECIFICATION DATA FILE (INEUT, OFTICNAL)
PUMP.DAT /24: PUMPING DATA FILE ([INPUT, OPTICNAL}
DIVERSPEC.DAT /25: SURFACE WATER DIVERSION SPECIFICATICN FILE (INEUT, OFTIONAL)
DIVER.DAT /26: SURFACE WATER DIVERSION DATA FILE (INPUT, OPTICNAL)
IRIGFRAC.DAT /27: IRRIGATICN FRACTION DATA FILE (INPUT, OPTICNAL)
MAXLKELEV.DAT /28: MAXIMUM LAKE ELEVATIONS DATA FILE (INPUT, OPTIONAL)
RUF . DAT /29: IRRIGATION WATER RE-USE FACTOR DATA FILE (INPUT, OPTIONAL)
OVERWRITE .DAT /30: RQUIFER PARAMETER CVER-WRITE DATR FILE (INPUT, OPTICNAL)
ZBUDGET.BIN /31: BINARY OUTPUT FOR GROUNDWATER ZONE BUDGET ({QUTPUT, CPTIONAL}
SMWSHED .BEIN /32: BINARY OUTPUT FOR SMALL WATERSHED FLOW COMPONENTS (OUTEUT, OPTICNAL)
SUBGRP.BIN /33: BINARY OUTFUT FOR ELEMENT 3UB-GROUF DETAILS (OUTPUT, OFTIONAL)
DIVERDTL.BIN /34: BINARY OUTPUT FOR DIVERSION DETAILS (OUTEUT, OPTIONAL)
REACH.BIN /35: BINARY OUTPUT FOR STRERM BUDGET BY REACH (OUTPUT, OPTIONAL)
LAKE.BIN /36: BINARY OUTPUT FOR LAKE BUDGET [QUTPUT, OPTIONAL}
LWU.BIN /37: BINARY OUTPUT FOR LAND AND WATER USE BUDGET (OQUTPUT, OPTIONAL)
STEM.BIN /38: BINARY OUTPUT FOR STREAM BUDGET (CUTPUT, OPTIONAL}
SOIL.BIN /39: BINARY OUTPUT FOR ROOT ZONE MOISTURE BUDGET {(OUTPUT, OPTIONAL}
GW.BIN /40: BINARY OUTFUT FOR GROUNDWATER BUDGET (OQUTEUT, GETIONAL)
SUBSIDENCE.OUT /41: SUBSIDENCE CUTPUT FILE (OUTEUT, OPTIONAL)
VIRCROP.OUT /42: VIRTUARL CROP CHARACTERISTICS OUTPUT FILE (OUTPUT, OPTIONAL)

FACEFLOW.OUT

ELEMENT FACE FLOW OQUTPUT FILE (QUTPUT, CPTIONAL)

(OUTPUT, OPTIONAL}
(OQUTFUT, OFTIONAL)

BNDFLX .OUT /44: BOUNDARY FLCW OUTPUT FILE (COUTPUT, OPTICNAL)

TDRN.OUT /45: TILE DRAIN/SUBSURFACE IRRIGATICON HYDROGRAPH CUTPUT FILE
STRM.HYD /46: STREAM FLOW HYDROGRAFH OUTPUT FILE

GW.HYD /47: GW LEVEL HYDROGRAFH OUTEUT FILE

GWHERD .HYD /48: GW LEVEL OUTPUT AT EVERY MODEL NCDE (OUTEUT,

OPTICHAL)

{OUTPUT, OPTICNA
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VERTFLOW.OUT /49: LAYER VERTICAL FLOW OUTPUT (OUTEPUT, CPTIONAL
/50: GROUNDWATER HEADS FOR TECPFLOT (QUTPUT, OPTIONAL)
/51: SUBSIDENCE OUTEUT FOR TECELOT (QUTPUT, OFTIONAL)
FNRESULTS .OoUT /52: FINAL SIMULATION RESULTS (OUTPUT, REQUIRED)
R o R e T e s

C Model Simulation Period
C
C The following lists the simulation beginning time, ending time and time step length.
[ Based on the entry for BDT below, the actual simulation date and time can be tracked.
[
C BDT ; Beginning date and time for the simulation. Use one of the following formats:
[ MM/DD/YYYY hhimm = Simulation date and time will be tracked
C (Midnight is 24:00);
c #_## = simulation date and time will NOT be tracked
c (any real number greater than or equal to zero can be entered).
C
o o
C VALUE DESCRIPTION
oo
09/30/1973 24:00 / BDT

Simulation Date and Time Tracked

If the simulation date and time will be tracked (i.e. BDT above is entered in
MM/DD/YYYY hh:mm format) enter wvalues for parameters below. Otherwise, comment
out the value entry lines below and use the "Simulation Date and Time NOT Tracked"
option below.

UNITT ; Time step length and unit. Choose cne of the following:
1MIN
ZMIN
3MIN
AMIN
SMIN
10MIN
15MIN
20MIN
30MIN
1HOUR
ZHOUR
3HOUR
4HGUR
EHOUR
BHOUR
1ZHOUR
1DAY
1WEEK
1MON
1YEARR
EDT ; Bnding simulation date and time. Use MM/DD/YYYY hhimm format
(midnight is 24:00) .

aoonoonoooooooooooaoooooooaoaoooaoooaononnn

VALUE DESCRIPTION
1MON / UNITT
09/30/2003 24:00 / EDT

o o
c Simulation Date and Time NOT Tracked
C
C If the simulation date and time will not be tracked (i.e. BDT above is entered in
[ #.## format) enter values for parameters below. Otherwise, comment
C out the wvalue entry lines below and use the above "Simulation Date and Time Tracked"
[ option.
[
C DELTAT ; Time step to be used in the simulation of hydrologic processes;
c any entry that is greater than zero is acceptable.
cC UNITT ; Unit of time step DELTAT (maximum B characters);
C any entry is acceptable.
C EDT ; Ending simulation date and time. Use #.## format.
C
oo
[ VALUE DESCRIETION
Cc-
* / DELTAT
* / UNITT
/ EDT

R e e S L]

[ output and Debugging Options

[

C The following lists the options for detailed output and debugging.

C  KDEB;: Enter Z - to print messages on the screen to monitor execution

C Enter 1 - to print aquifer parameter data

C Enter 0 - otherwise

C CACHE:; Cache size in terms of number of values stored for time series data output

C

[

C VALUE DESCRIPTION

o e
0 / KDEB
50000 / CRCHE

R r R A R AR A A R A R R A R A R A R A A A A R R A A A R A A R AR A AR A R A AR AR A AR AR A AR AR A AR AR AR RAR AR AAA AR FAL
output Unit Control

FACTLTOU; Factor to co